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This study concerns an investigation into the thermal performance and energy efficiency of prefabricated 
lightweight houses for peri-urban villages in the Perth Metropolitan region of Western Australia. Several 
styles of residence were selected for comparison, taken from the first three “lifestyle villages” constructed by 
National Lifestyle Villages Pty Ltd (NLV). NLV is committed to quadruple bottom-line sustainability and the 
aim is, therefore, to provide indicators of how old and new dwellings compared under the same external 
conditions. 
 
The buildings themselves are prefabricated and brought to site in two halves, framed in steel, clad with fibre-
cement boarding, roofed in zincalume sheeting, floored in flooring grade particle board with applied fibre-
cement sheeting. Although the basic design was developed using the passive principles of solar design and 
other energy conservation measures, they possess little thermal mass to augment the thermal efficiency. 
Research has indicated several feasible and low-budget innovative improvements to incorporate into future 
designs, and how best to modify and retrofit existing dwellings. 
 
NLV aims to provide homes for over 40,000 people in 100 villages throughout Australia by the year 2025. 
Any improvement in residential thermal performance can be translated not only into energy savings and 
greenhouse gas reduction on a significant scale, but can enhance comfort levels for residents whilst 
reducing their energy costs.  
 
This paper will present the data and report on the results of the investigations. Recommendations will be 
made for housing in proposed future villages with regard to requirements for other improvements such as 
innovative means of increasing internal thermal mass. 
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1.  INTRODUCTION 
 
Passive solar buildings have evolved and been built in a settlement environment for 
thousands of years, notably by the ancient Greeks in Ionia, Asia Minor as long ago as 600 
BCE. North American Indians made shelter in winter at the base of the Rio Grande taking 
advantage of the thermal storage capacity of the south-facing canyon walls to keep them 
warm. Ancient humans in the southern hemisphere appreciated the benefit, and energy 
efficiency, of selecting a north-facing cave. 
 
Mechanical heating and cooling technologies, and fuel for power, have become 
increasingly affordable since the mid-1940s for the majority of people, particularly in the 
developed world. The natural consequence has been acceptance of the use of technology 
as the cultural norm at the expense of using natural systems. This is as much the case in 
the built environment as in any other with the consequence, in these times of an ever-
increasing warmer and dryer climate, that power utilities across the globe have 
occasionally been incapable of generating the base load requirements of their grids due to 
the power surges created by the use of cooling and heating systems. Western Australia 
has been no exception prompting warnings from the Minister for Energy of inevitable 
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power cuts should the general public fail to reduce their use of air-conditioning during 
summer extremes. 
 
Extensive research shows that the burning of fossil fuels to service higher energy 
demands has been largely responsible for global warming and climate change. The case 
for energy efficient building practice is based both upon the need to reduce carbon 
emissions and, in domestic residential building, provide less reliance on conventional fossil 
fuel power. As a significant proportion of energy consumed in the home used is for heating 
and cooling, any reduction would contribute significantly to reducing carbon emissions. 
Furthermore, making homes more energy efficient generally provides more liveable 
environments, and in low-income households less disposable income would need to be 
expended on power bills.  
 
The local climate predetermines the extent to which the occupants of a building need to be 
protected, and install or introduce active or passive systems and elements into the building 
envelope or its adjacent locale. The dwellings under examination in this investigation fall 
within the Perth climate zone, which is generally described as a being temperate, moving 
gradually towards a dry warm temperate zone as the effects of global warming become 
increasingly evident. Thermal comfort within buildings is primarily controlled by air 
temperature, radiant heat, humidity and airflow, and can be dominated by any one or 
combination according to the climate zone. Temperature and humidity are the predominant 
factors bearing on the thermal comfort zone (TCZ), the zone in which generally 80% of the 
population experience thermal comfort. Perth inhabitants are rarely troubled by excess 
humidity and so this study concerns itself with temperatures where the TCZ lies between 
18 deg. C and 28 deg. C. 
 
The study at the three NLV village locations was carried out in unoccupied dwellings to 
simulate a form of control for later analysis. Due to home sales, and subsequent 
occupation, some data collection was ceased before sufficient had been recorded. 
Nevertheless, it was possible to compare data from five dwellings from three NLV 
locations. The three sites have been progressively developed, making incremental 
changes towards creating a more sustainable environment. Full occupation of the homes 
would have been preferable, as residents would naturally perform activities that naturally 
create a greater thermal comfort, such as varying ventilation and the opening and closing 
of window blinds and the like. 
 
 
1.1 Aims and Objectives 
 
The first aim of the study was to establish how the selected styles of building at three NLV 
villages performed, in terms of their comparative thermal performance, under varying 
seasonal conditions. Data analysis would highlight how effective the principles of solar 
passive design that had been incorporated into the observed dwellings, and how effective 
they have been in improving the thermal performance within. 
 
The second aim was to compile a short list of modifications that would be likely to improve 
thermal comfort levels and energy efficiency, and to suggest how best, using cost effective 
measures, to modify future designs in order to achieve this, without compromising the 
building’s energy efficiency and accredited First Rate 5-Star energy rating, soon to be 
replaced in Western Australia by a modified version of the NSW BASIX rating system. 
1.2 Method 
 
Two digital i-button temperature data loggers were installed, in each of the selected 
buildings, on the north and south-facing sides at the top of the internal window frame. An 
external logger was placed in a shaded area above the doorframe on the outside of one 
building at each location. Following computer activation the loggers were left to record 
temperatures for approximately five weeks, after which the data was downloaded. The 
process was repeated over all four seasons at each of the three locations. The following 
settings and assumptions were made: 
 
• Buildings were of similar construction and of similar thermal mass. 
• Although the colour schemes on the exterior of the buildings differed, this did not 
significantly vary the reflectivity of the sun’s radiation and consequential heat gain.  
• Salespersons, when showing the unoccupied dwellings to prospective customers, 
did not leave doors and windows open for any length of time. 
• The vertical blinds, particularly in windows on the northern elevation, were all drawn 
(half open) to the same extent. 
• Glazing areas of all elevations were regarded as being equal. 
 
1.3 Results summary and observations 
 
A comprehensive database was built containing data recorded over approximately twelve 
months. It was then possible to compare each dwelling in terms of its thermal performance 
for any chosen period and to relate this to the ambient temperature. For the purpose of this 
paper the following summary of the results and observations highlights the areas that 
would require remediation using the cost effective solutions listed in  paragraph…. 
 
1.3.1 Winter data  
 
Confirmed that: 
• Homes without heating remain outside the TCZ for between 9 and 30% of recorded 
time. 
• As the south-facing rooms all performed at the lower end of the scale the benefits of 
correct orientation and zoning were emphasized. 
• Thermal comfort levels were significantly more difficult to maintain. 
• Passive solar heating maintained significantly higher internal temperatures 
compared to the ambient, but still too low to maintain thermal comfort levels within 
the TCZ. 
 




• Homes without mechanical cooling remained outside the TCZ for 53 to 79% of 
recorded time. 
• The building structure resisted heat gain by a factor of between two and three times 
greater than it was able to retain heat during the winter months. However, 
overheating during the day still remained a significant problem. 
• The north-facing room demonstrably overheated and maintained levels exceeding 
the TCZ for much of the day.    
 
Figure 1: 
Thermal comfort comparison 
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Example 1 Internal Temp 
Example 2 Internal Temp 
 
       Figure 2: 
Thermal comfort comparison 
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2 Lightweight structures compared to heavyweight. 
 
A study in the U.K. shows the significance of thermal mass and how, when it is lacking, as 
in the NLV homes, thermal comfort levels are significantly compromised. 
 
 
    Figure 3 
 
The lightweight results seen in figure 3. mirror those in figures 1 and 2, thus emphasizing 
the need for thermal mass in the buildings. The accompanying report stated that: 
 
For winter performance the high thermal capacity works best with enhanced envelope 
thermal insulation and air tightness standards, so reducing the overnight temperature 
drops and the resulting recovery periods for intermittent heating. This also enhances 
ability to absorb daytime heat gains and re-emit them during night time periods of higher 
heat loss…” and, 
 
[D]esigning homes with thermally massive passive features… enables us to adapt the 
way we operate our homes to offset [high temperatures]...[T]hermally lightweight homes 
… result in substantially higher room temperatures and levels of discomfort   
     




The dwellings at the first NLV village were all constructed without, or at most with little 
consideration of solar passive design principles. Later versions had exterior wall insulation 
installed throughout and had suitably located attached carports. The buildings at the latest 
village exhibited further improvements in thermal performance as these adhered to solar 
passive design principles. 
 
This investigation has highlighted the benefits of improving thermal performance and 
energy efficiency through the use of solar passive design principles and other energy 
conservation measures. The results generally indicate an improved trend in thermal 
performance from the older styles to the most recent respectively. However, those taken 
during early spring highlight the need to investigate thoroughly the introduction of thermal 
mass, particularly in order to improve the thermal performance in cooler conditions.  
 
The study has provided significant data and information on how sustainable improvements 
can be made in future home designs. Such improvements would reduce the recurrent cost 
of power bills for the residents and reduce the villages’ overall energy requirement. As the 
residents are generally over 45 years and from a low-income background, such 
expenditure reduction may be significant when related to their disposable income.  
 
Furthermore, reduction in energy requirement translates directly into a reduction in the 
production of greenhouse gases. This alone appears to be emerging as the single most 
important global challenge.  
 
Perth gas and electric single residential household, of average occupancy 3.3 people, 
typically consumes 13 kWh/day (Grace, 2005) of principally coal-derived electricity. 
Electricity bills at the first village where occupancy rate was on average 1.5 had electricity 
bills typically in the range 8-15 kWh/day. Through the abovementioned building 
improvements, solar water heaters on all homes and community education it is expected 
that the most recent village’s electricity consumption could be reduced by up to 10 
kWh/day across the 380 houses. Such an outcome would deliver a greenhouse gas 




It is clear from the results and observations that incremental improvements in thermal 
performance and energy efficiency have been made, but it is also evident that further 
modifications to the overall design could solve some of the issues raised in this paper. 
Cost effective solutions could include: 
 
1. Improve thermal resistance levels, better insulation and addition of thermal 
breaks to steel frame (recent BCA amendment). 
2. Design modification to ventilation pathways to enhance night cooling. 
3. Installation of reversible roof fan system in the ceiling for: a) in winter during day, 
to draw heated air from a system of interconnected ducting in the roof space and 
down into the living areas, and b) in summer during night, to withdraw hot air 
from the living areas and vent it to the outside atmosphere. (Australian 
Broadcasting Corporation, 2005; Calais & Anda, 2003; Environmental 
Technology Centre, 2005). 
4. Introduction of a suitable and acceptable form of thermal mass to improve 
thermal performance during the day and at night; Option 1: Custom-made water 
tanks which could also be used for irrigation in summer. (Berrill, 2005; Sydney 
Building Information Centre, 2005); Option 2: Hollow-core concrete slab 
constructed in an area of maximum solar access.  (Bilgen & Richard, 2001). 
5. Integration of phase change materials into the structure (Schossig et al, 2005). 
Combined with air movement from a night purge system (3b above), looks 
promising. 
6. The style and type of shading structure applied to window areas can also 
significantly affect solar heat gain and loss (Berrill: 2005). 
7. Modification of shading structures in combination with the introduction of thermal 
mass, and consideration to planting more mature landscaping for similar 
reasons. 
 
The above list highlights various strategies that could be investigated further by the 
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